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7ZRDSSURDFKHVKDYHEHHQXVHG LQ WKH OLWHUDWXUH WRGHWHUPLQH WKHGLVWDQFHEHWZHHQ WZRSRLQWVGLUHFWDQGJULG
EDVHGDSSURDFKHV7KHILUVWDSSURDFKVLPSO\UHIOHFWV WKH(XFOLGHDQRUUHFWLOLQHDUGLVWDQFHEHWZHHQ WZRSRLQWVDQG
WKHVHFRQGRQHGHWHUPLQHVWKHGLVWDQFHRQDJULGEDVHGQHWZRUNRQWKHVLWH7KHGLUHFWDSSURDFKLVVLPSOHWRXVHEXW
GRHV QRW FRQVLGHU WKH REVWDFOHV RQ WKH FRQQHFWLRQ SDWK 7KH JULG EDVHG DSSURDFK RYHUFRPHV WKLV OLPLWDWLRQ E\
PDNLQJGHWRXUVDURXQGWKHREVWDFOHVRQWKHJULGQHWZRUNEXWUHTXLUHGPRUHFRPSXWDWLRQDOHIIRUWWRILQGWKHVKRUWHVW
SDWK+RZHYHU WKH OHYHORIDFFXUDF\LIDQ\JDLQHGE\ WKHDGGLWLRQDOFRPSXWDWLRQDOHIIRUW LVXQFOHDU7KLVVWXG\
FRPSDUHV WKH DFFXUDF\ DQG FRPSOH[LW\ RI WKH DERYH WZR DSSURDFKHV LQ GHWHUPLQLQJ WKH VKRUWHVW SDWKV RQ




7ZR DSSURDFKHV KDYH EHHQ XVHG LQ VLWH OD\RXW SODQQLQJ OLWHUDWXUH WR UHIOHFW WKH GLVWDQFH EHWZHHQ WZR SRLQWV




2.1. Direct approach 
'LUHFW DSSURDFK LV WKH VLPSOHVW PHWKRG WKDW KDV EHHQ XVHG LQ WKH OLWHUDWXUH WR UHIOHFW WKH GLVWDQFHV RQ WKH
FRQVWUXFWLRQ VLWHV 7KH GLVWDQFH EHWZHHQ WZR SRLQWV FDQ EH H[WUDFWHG IURP WKHLU FRRUGLQDWHV GLUHFWO\ XVLQJ WZR
GLIIHUHQW VFHQDULRV(XFOLGHDQ HJ >@ DQG UHFWLOLQHDUGLVWDQFH >@7KH(XFOLGHDQGLVWDQFH 'H DQG
UHFWLOLQHDU'UGLVWDQFHVDUHWKHGLVWDQFHEHWZHHQWZRSRLQWVRQUHVSHFWLYHO\DVWUDLJKWDQGUHFWLOLQHDUOLQHVHH)LJ
DDQGE7KHVHWZRGLVWDQFHVFDQEHFDOFXODWHGDVIROORZ
  babae YYXXD −+−=  and babar YYXXD −+−= 
ZKHUH;D <DDQG;E <EDUH WKHFRRUGLQDWHVRISRLQW$DQG%$OWKRXJKWKHGLUHFWDSSURDFK LVVLPSOH WR
LPSOHPHQW LW GRHVQRW FRQVLGHU WKHGHWRXUV UHTXLUHG WREHPDGHDURXQG WKHREVWDFOHV WRPRYH IURPRQHSRLQW WR
DQRWKHU
2.2. Grid based approach 
7R RYHUFRPH WKH OLPLWDWLRQ RI WKH GLUHFW DSSURDFK IHZ VWXGLHV DUH GHWHUPLQLQJ WKH GLVWDQFH RQ D JULG EDVHG
V\VWHPWRFRQVLGHUGHWRXUVDURXQGREVWDFOHVZKHQWUDYHOOLQJRQHSRLQWWRDQRWKHU>@,QWKLVDSSURDFKWKHVLWHLV
GLYLGHG LQWRDQRUWKRJRQDOJULG V\VWHP )LJE WRSUHVHQW WKHDYDLODEOH VSDFH IRU WUDQVSRUWLQJ UHVRXUFHVXVLQJD
JUDSK7KHJULG LQWHUVHFWLRQVUHSUHVHQW WKHJUDSKQRGHVDQG WKHJUDSKDUFVDUHFUHDWHGE\FRQQHFWLQJ WKHDGMDFHQW
















WKH UHPDLQLQJQRGHV WR HDFKRWKHUZLWKGLUHFW OLQHV WR FUHDWH WKH DUFVRI WKHJUDSK ,Q WKLV H[DPSOH HDFKQRGH LV
FRQQHFWHG WRPD[LPXP RI IRXU DGMDFHQW QRGHV )LJ G 7KH ODVW VWHS LV GHWHUPLQLQJ WKH VKRUWHVW SDWK EHWZHHQ
SRLQWV$DQG%RQWKLVJUDSK)LJH

7KH DFFXUDF\ RI WKH JULG EDVHG DSSURDFK FDQ EH LQFUHDVHG E\ UHGXFLQJ WKH VL]H RI WKH JULG XQLWV LQ VWHS  RU
FRQQHFWLQJPRUHDGMDFHQWQRGHVWRHDFKRWKHULQVWHS>@)RULQVWDQFH)LJISUHVHQWVDQRWKHUSDWKEHWZHHQ$
DQG%XVLQJDVPDOOHUJULGVL]HDQGFRQQHFWLQJDGMDFHQWQRGHVWRHDFKRWKHU7KLVSDWK)LJILVDPRUHUHDOLVWLF
SUHVHQWDWLRQRI WKHURXWH WKDWUHVRXUFH WUDYHORQ WKHVLWHFRPSDUHG WR WKHSUHYLRXVSDWK)LJH7KLV LQFUHDVH LQ
DFFXUDF\ KRZHYHU UHTXLUHVPRUH FRPSXWDWLRQDO HIIRUW IRU GHWHUPLQLQJ WKH VKRUWHVW GLVWDQFH EHWZHHQ WZR SRLQWV







WR WKHLU GHVWLQDWLRQ9LVLELOLW\ JUDSKPLPLFV WKLV EHKDYLRU E\ FUHDWLQJ D JUDSKRI DOO WKH SRVVLEOH SDWKV WR GHWRXU





































$VLWH $UHDRIWKHVLWH   $2L $UHDRIREVWDFOHL
$J $UHDVL]HRIWKHJULG  D QXPEHURIDUFVSHUQRGH N QXPEHURIREVWDFOHV

7KH UXQQLQJ WLPHRI WKH ILUVW VWHS VWHS LQ VHFWLRQ LVD OLQHDU IXQFWLRQRI WKHQXPEHURIDOO WKHSRWHQWLDO
QRGHV2QZKLFKFDQEHFDOFXODWHGDVIROORZ






















RQ WKH YLVLELOLW\ JUDSK ZLOO UHIOHFW WKH DFWXDO SDWK WKDW UHVRXUFHV WUDYHO RQ WKH VLWH 7KH UXQQLQJ WLPH IRU
LPSOHPHQWLQJWKHYLVLELOLW\JUDSKZRXOGEHWKHVXPPDWLRQRIWKHWLPHWRFUHDWHWKHJUDSKDQGWKHWLPHWRVHDUFKIRU
WKHVKRUWHVWSDWK7KHYLVLELOLW\JUDSKKDVNQRGHVZKHUHNLVWKHQXPEHURIWKHREVWDFOHVRQWKHVLWH7RGHWHUPLQH
WKHDUFVRI WKHJUDSKDOOSDLURI WZRQRGHVDUHFRQQHFWHG WRJHWKHU WRFUHDWHDSRRORIDOO WKHSRWHQWLDODUFV N
SRWHQWLDODUFV$OORI WKHVHSRWHQWLDODUFVDUH WKHQFRPSDUHGWRHGJHVRIREVWDFOHV WRHOLPLQDWH WKHRQHV WKDWSDVV
WKURXJK DQ REVWDFOH N FKHFNV $FFRUGLQJO\ WKH UXQQLQJ WLPH IRU FUHDWLQJ WKH YLVLELOLW\ JUDSK LV2N 7KH
UXQQLQJWLPHWRVHDUFKIRU WKHVKRUWHVWSDWKRQWKHYLVLELOLW\JUDSKLVDTXDGUDWLFIXQFWLRQRI WKHQXPEHURIQRGHV
2N )URP FRPSDULQJ WKHVH WZR IXQFWLRQV WKH RYHUDOO UXQQLQJ WLPH RI WKH YLVLELOLW\ DSSURDFKZLOO EH 2N











$V GHVFULEHG LQ VHFWLRQ  WKH UXQWLPH RI GLVWDQFH DSSURDFKHV GHSHQGV RQ WKH QXPEHU RI REVWDFOHV DQG WKH
XQDYDLODEOHVSDFHRQ WKHVLWH7KHXQDYDLODEOHVSDFHGXH WRHDFKREVWDFOHHTXDOVPDQGPIRUVPDOODQG
ODUJHREVWDFOHVUHVSHFWLYHO\,QRUGHU WRJHWDZLGHYDULHW\RIH[DPSOHV WKHUDQGRPOD\RXWVDUHJHQHUDWHGIRU WZR
FDVHV RI VPDOO DQG ODUJH REVWDFOHV FRQVLGHULQJ D YDULRXV QXPEHU RI REVWDFOHV )RU WKH FDVH RI VPDOO REMHFWV WKH
OD\RXWVDUHJHQHUDWHGIRUDSDFNDJHRIDQGREVWDFOHVZKLFKUHVSHFWLYHO\UHSUHVHQW
      DQG RI XQDYDLODEOH VSDFH RQ WKH VLWH )RU ODUJH REVWDFOHV WKH
SDFNDJHVLQFOXGHDQGREVWDFOHVZKLFKUHSUHVHQWDQGRIXQDYDLODEOHVSDFH
)RU HDFK SDFNDJH  UDQGRP OD\RXWV DUH JHQHUDWHG WR JHW WKH DYHUDJH UXQQLQJ WLPH DQG DYHUDJH DFFXUDF\ IRU
FRPSDULQJGLIIHUHQWGLVWDQFHDSSURDFKHV

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*% VFHQDULRV 7KLV GLIIHUHQFH VKRZV WKH LPSRUWDQFH RI WKH JULG VL]H LQ WKH UXQQLQJ WLPH RI WKH JULG EDVHG
DSSURDFK$VSUHGLFWHGLQVHFWLRQLQFUHDVLQJWKHJULGVL]HIURPPWRPUHVXOWVLQIHZHUQRGHVDQGDFFRUGLQJO\
















*% VFHQDULRV KDYH D KLJKHU DFFXUDF\ FRPSDUHG WR *% DQG *% VFHQDULRV 7KLV PHDQV WKDW WKDW WKH
















DFFXUDWH UHVXOWVFRPSDUH WRRWKHUVFHQDULRV -XVW IRUKLJKHU OHYHOVRIXQDYDLODEOHVSDFH*%VFHQDULRJHQHUDWHV
UHVXOWVVOLJKWO\PRUHDFFXUDWHWKDQ(XFVFHQDULR)LJDDQGEVKRZWKDW*%VFHQDULRDOPRVWUHTXLUHVWKHKLJKHVW
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PDLQ UHDVRQV)LUVW WKH UDQGRPGLVWULEXWLRQRIREMHFWVEORFNV WKHVWDUWRUHQGSRLQWVDQGDFFRUGLQJO\ WKHUH LVQR
SDWKWREHIRXQG,QVXFKFRQGLWLRQV WKHYLVLELOLW\JUDSKDQGJULGEDVHGDSSURDFKHVDUHXQDEOH WRILQGDSDWKWKDW
FRQQHFWV VWDUW DQG HQG SRLQWV 6HFRQG WKH JULG VL]H LV WRR ODUJH ZKLFK PDNHV WKH JULG EDVHG DSSURDFK WR ORVH
FRQQHFWLRQEHWZHHQWKHDYDLODEOHQRGHV)LJDDQGEVKRZWKHSHUFHQWDJHRIIDLOVWRILQGDSDWKRQWKHVLWH7KHVH
WZRILJXUHVVKRZDKXJHULVNRI IDLOXUHIRU ODUJHJULGVL]HV*%DQG*%VFHQDULRV LQVLWHVZLWKPRUH WKDQ
RIXQDYDLODEOHVSDFH&RPSDULQJ)LJDWREUHYHDOVWKDWWKHUHODWLYHVL]HRIJULGVDQGREVWDFOHVDOVRDIIHFWV





HVWLPDWHGXVLQJ WKHLUFRRUGLQDWHVRQO\7KHGLUHFWDSSURDFK LVIDVWDQGVLPSOHEXWGRHVQRWFRQVLGHU WKHREVWDFOHV
EHWZHHQ WKHVWDUWDQGHQGSRLQWV7KHJULGEDVHGV\VWHPILQGV WKHGLVWDQFHRQDQRUWKRJRQDOJULGV\VWHPWRDYRLG
REVWDFOHV7KHDFFXUDF\RIWKLVDSSURDFKGHSHQGVRQWKHJULGVL]HDQGWKHQXPEHURIFRQQHFWLRQEHWZHHQJULGQRGHV
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